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An Evalua t ion .of  a High Temperature Blackbody As 
A Working Standard of Spectral Radiance 

John C. F l e m i n g  

NASA, Goddard Space F l i g h t  Center 
Greenbel t ,  Maryland 

SLmdARY 

For those i n t e r e s t e d  i n  measuring t h e  s p e c t r a l  r ad iance  

of high  i n t e n s i t y  arcs, especially ia the u l t r a v i o l e t  r eg ion ,  

t h e  3000°C blackbody has several Ldvantages over t h e  

convent ional  tungsten r ibbon f i lament  staadard of spectral 

rad iance .  A t  a wavelength of 250 nanometers, it is between 

two and t h r e e  orders of magnitude more i n t e n s e  and could 

have 30% t o  40% less unce r t a in ty  i n  its spectral rad iance .  

Moreover, by u s i n g  the  blackbody, measurements could be 

extended to wavelengths shorter than  250 nanometers. On 

the  other hand, the  i n t e n s i t y  advantage of the  blackbody 

can be n e a r l y  e l imina ted  by ope ra t ing  ana c a l i b r a t i n g  a 4 

tungs ten  standard-type lamp w e l l  over i ts rated c u r r e n t .  

T e s t s  have shown that the  s t a b i l i t y  of these lamps operated I 

a t  45 amps and 50 amps is s u i t a b l e  for  c a l i b r a t i o n  purposes. 
I 

! 
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AN EVALUATION OF THE HIGH TEMPERATURE BLACKBODY 
AS A WORKING STANDARD OF SPECTRAL RAI)IANCE 

John F l e m i n g  
NASA, Goddard Space F l i g h t  Center 

Greenbelt ,  Maryland 

INTRODUCTION 

I n  r e c e n t  yea r s  many groups i n v e s t i g a t i n g  the  spec t ro -  

r ad iomet r i c  p r o p e r t i e s  of var ious  high i n t e n s i t y  l i g h t  

sources  have f e l t  t h e  need for a spectral radi-tnce s t anda rd  

which would be quch more i n t e n s e  than  the p;ese;:t -2ungsten 

r ibbon f i l amen t  lamp and would also permit  greater accuracy. 

I n  response to t h i s :  need, several manufacturers have o f f e r e d  

t o  c o n s t r u c t  blackbodies  , which would ope ra t e  a t  30OO0C. 

The fo l lowing  a n a l y s i s  w a s  perforned xo eva lua te  t h e  advan- 

tages of the  high temperature blackbody, and to  provide  

s o m e  additioqdt;l information bear ing  upon t h e  use  of such 

equipment i n  a research program. 

DISCUSSION 
5 

To determine t h e  inc rease  i n  spectral r ad iance  which - 
may be achieved by us ing  a blackbody, t h e  s p e c t r a l  r ad iance  

of a blackbody ope ra t ing  a t  30OO0C has been computed f o r  

several wavelengths from Planck ' s  r a d i a t i o n  l a w .  Th i s  data 

is shown i n  Table I along wi th  the  r epor t ed  va lues  for a 

tungs ten  r ibbon f i l amen t  lamp (General Electric Co. type  

G.E. 30A/T24/7), which w a s  c a l i b r a t e d  i n  terns of s p e c t r a l  
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radiaace at the national Bureau of Standards. Also shown 

I are the  ratios 02 the blackbody va lues  t o  the tungsten lamp 
I . .  

values  
1 

I 
Table I 

Wavelength I ( in am) 

250 

300 

350 

400 

450 

500 

600 

2.84 ., 

21.5 . 

80.4 

198. 

362. 

580. 

1015. 

.00467 

.lo6 

.751 

2.93 

7.79 

16.5 

42.6 

608 

203 

107 

67.6 

47.8 

35.2 

23.8 

I t  may be observed from t h e  data i n  Table I t h a t  the  

30OO0C blackbody provides  an increase i n  spectral  rad iance  

of between one.and two orders  of magnitude i n  the  v i s i b l e  

p o r t i o n  of the spectrum, and from t w o  t o  three o rde r s  of 

magnitude in the u l t r a v i o l e t  region.  Some idea of the 

s i g n i f i c a n c e  of t h i s  increase  may be der ived  by comparing 
. 

t h e  blackbody va lues  t o  publ i shed .da ta  for some r e l a t i v e l y  I 

low-powered compact arc lamps . . T h i s  data is shown in Table 11. 

1- , . 
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Clea r ly  t h e  use  of t h e  blackbody s tandard  w i l l  n o t  

e l i m i n a t e  t h e  need f o r  o t h e r  s c a l i n g  techniques.  

be seen i n  Table I f ,  t h e  s p e c t r a l  rad iance  of even the  l o w  

powered arcs considered is still as much as three o r d e r s  of 

magnitude g r e a t e r  than  t h a t  of t h e  blackbody. A t  t h e  very  

best ,  t h e  blackbody can go only about  h a l f  way towards 

matching the  i n t e n s i t y  of the  arcs. 

A s  may 

Moreover, it appears to  be p o s s i b l e  t o  do n e a r l y  t h i s  

w e l l  w i th  t h e  e x i s t i n g  tungsten r ibbon f i l amen t  l a m p .  The 

s p e c t r a l  r ad iance  of t h e s e  lamps varies widely from one 

l a m p  t o  t h e  next  i n  t h e  u l t r a v i o l e t  r eg ion .  Table I11 shows 

a comparison of t h e  30OO0C blackbody and a working s t anda rd ,  

which w a s  c a l i b r a t e d  by comparing it wi th  a lamp calibrated 

by NBS. Note t h a t  f o r  t h e  same c u r r e n t ,  t h i s  lamp is m o r e  

than  t w i c e  as i n t e n s e  as t h e  lamp considered on Table I. 

Table I11 
# 

Wavelength S p e c t r a l  Radiance ( i n  pwa t t / s t e r  -nm-mm' ) 

30000 C Blackbody Lamp J @35 amps 

250 1 2.84 .0120 

3nn I 0-n 
.a33 01 c 

Y I  ..I C I W U  

350 80.4 1.52 1 400 198. 5.50 

1 
I 

I 

450 372. 13.4 

500 580. 27 .O 

600 63.7 

237 nn n : I  zu .u 

52.9 

. .  
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A much greater p o t e n t i a l  f o r  increased  i n t e n s i t y  e x i s t s  

if the  c u r r e n t  may be increased.  Table I V  shows for  s e v e r a l  

wavelengths the spectral radiance of a lamp of t h i s  t ype  as 

a func t ion  of c u r r e n t .  The values  given are relative to t h e  

s p e c t r a l  rad iance  of the  same lamp at: 35 amperes. 

Table I V  

CuFr e n i  

(in amperes 

35 .O 

37 . 5. .~', 

40 ,O 

42.5 . 
45.0 

47.5 

50.0 

Relative S p e c t r a l  Radiance of Tungsten Ribbon Filament Lamp I 

1 .o 

7.1 

15. 

31 

57. 

100. 

A- 300 nm 

1 .o 

2.2 

4.9 

9.2 

17. 

27. 

46. 

h= 400 nm 

1 .o 

1.7 

2.9 

5.2 

10.  

15. 
- 

21. 

I 
2.7 

3.9 

6.1 

8.9 1 
14 1 .  

On the  assumption t h a t  the  s p e c t r a l  rad iance  of lamp 

J would show a similar increase  w i t h  c u r r e n t ,  the  f a c t o r s  

given in Table I V  have been mul t ip l i ed  by t h e  abso lu te  v a l u e s  



k 

Wavelength 

( i n  nm) 

250 

300 

400 

500 
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for the  s p e c t r a l  rad iance  a t  35 amperes. 

have been compared w i t h  t h e  s p e c t r a l  r ad iances  of a 30OO0C 

blackbody. I n  Table V, the  s p e c t r a l  r ad iance  of a 30OO0C 

blackbody is shown relative t o  t h e  spectral rad iance  of 

lamp J a t  s e v e r a l  c t i r ren ts .  

These r e s u l t s  

S p e c t r a l  Radiance of 3 0 d C  31zkekbody Relative to  Lamp J 

J @35 amps J 040 amps 3 945 amps J 950 amps 

237 .O 33 .O 7.6 2.4 

90.0 1 18 .O 5.3 2 .o 

36 .O 1 2  .o 3.6 1-7 

21.5 8 .O 3.5 1.5 

Table V 

~ 

N o t e  i n  Table V t h a t  w i t h  lamp J a t  only  40 amperes, 
* much o f ' t h e  i n t e n s i t y  advantage of t h e  blackbody is a l r eady  

gone. 

been reduced by a f a c t o r  of seven. At 300 nm, l i t t l e  more 

than  an order of magnitude s e p a r a t e s  t h e  t w o  sou rces ,  With 

. A t  250 nm t h e  r a t i o  between t h e  t w o  sources  has a l r e a d y  

lamp J o p e r a t i n g  a t  45 amperes, t h e  30OO0C blackbody is never 

as much as one order of magnitude more i n t e n s e .  

There appear t o  be  no s e r i o u s  problems involved i n  C a l i -  

b r a t i n g  and u s i n g  lamps a t  these h igher  c u r r e n t s ,  bu t  t h e  

ques t ion  n a t u r a l l y  arises concerning t h e  c a l i b r a t i o n  l i f e t i m e .  

Th i s  should be.presumed t o  be r e l a t i v e l y  b r i e f  i n  t h e  absence 
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of good experimental  data. However, s o m e  i n d i c a t i o n  might be 

der ived from brief experience w i t h  t w o  lamps. One of these 

lamps w a s  operated a t  50 amperes for 42 hours before burning 

o u t .  The relative s p e c t r a l  rad iance  of t h i s  lamp a t  250 nm 

w a s  observed for t h e  las t  12 hours. Th i s  data is presented  

i n  f i g u r e  I .  The d i s c o n t i n u i t y  i n  the  curve a t  an e l apsed  

t i m e  of 6 hours is be l ieved  to  be due t o  an error related to  

the  warm-up of t h e  lamp and power supply.  A s i m i l a r  rise i n  

the  curve is noted for  the  previous day. 

The other lamp w a s  operated a t  45 amperes f o r  nea r ly  29 

hours .  The r e l a t i v e  spectral rad iance  a t  250 nm is shown i n  
.3 

f i g u r e  I1 as a func t ion  of t i m e .  A s t r a i g h t  l i n e  has been 

f i t t e d  t o  the  data and the  run  test  for randomness app l i ed .  

According t o  t h i s  tes t ,  the  data are d i s t r i b u t e d  about  t h e  

l i n e  randomly, and t h e r e f o r e  w e  need n o t  suspec t  a non-linear 

curve.  The s l o p e  of t h i s  l i n e  i n d i c a t e s - t h a t  t h e  observed 

rate of change of s p e c t r a l  rad iance  a t  45 amperes w a s  less than  

0 -03% p e r  hours.  

Though l i m i t e d ,  t h i s  data c l e a r l y  admits t h e  p o s s i b i l i t y  

t h a t  a standard-type tungs ten  lamp may be s u f f i c i e n t l y  stable 

t o  calibrate and use  i n  t h e  measurement of t h e  s p e c t r a l  

d i s t r i b u t i o n  'of an i n t e n s e  arc. 

- In summary, it may be stated t h a t  while  t h e  30OO0C - 

blackbody offers a s i g n i f i c a n t  i n c r e a s e  i n  s p e c t r a l  r ad iance  

a t  250 nm over  t h e  tungsten s tandard lamp operated a t  35 
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amperes, i t  is p o s s i b l e  t o  calibrate and use  these tungsten 

lamps a t  c u r r e n t s  high enough so t ha t  t h e  blackbody o f f e r s  no 

s i g n i f i c a n t  advantage i n  s p e c t r a l  rad iance .  

To begin t h e  a n a l y s i s  of t h e  accuracy which might be 

achieved w i t h  t h e  high temperature blackbody, it is appro- 

p r i a t e  t o  f i r s t  cons ider  the  emis s iv i ty  of t h e  c a v i t y .  

is determined by the  geometry of the c a v i t y ,  t h e  degree of 

un i formi ty  of w a l l  temperature ,  t h e  r e f l e c t i v i t y  of t he  c a v i t y  

w a l l s ,  and the  n a t u r e  of t h i s  r e f l e c t i v i t y ,  whether d i f f u s e  

or ~ p e c u l a r ' ~ ) .  

material are  known, a c a v i t y  may be designed which w i l l  have 

a theoretical e m i s s i v i t y  approaching u n i t y .  

Th i s  

If the  o p t i c a l  p r o p e r t i e s  of the  c a v i t y  
1 

Unfortunately a t  3000'C t h e  s p e c t r a l  emit tance of t h e  

A c a v i t y  material i n  t he  u l t r a v i o l e t  r eg ion  is no t  known. 

r e c e n t  s ea rch  of t h e  l i t e r a t u r e  turned up no information as t o  

t h e  spectral e m i s s i v i t y  of any r e f r a c t o r y m a t e r i a l  a t  250 

nanometers and *3OOOo c ( * - ~ ~ ) .  
a v a i l a b l e  showed cons iderable  v a r i a t i o n  from one i n v e s t i g a t o r  

t o  t h e  next .  

Moreover such information as w a s  

For example, Kibler e t  a l .  (4) showed t h a t  the  s p e c t r a l  

e m i s s i v i t y  of p y r o l y t i c  g raph i t e  decreased wi th  inc reas ing  . -  - - *  

temperature  from 1611' t o  2735OK, and w a s  less than -1 f o r  

wavelengths s h o r t e r  than 500 nm and temperatures  above 1 6 1 1 O K .  
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The Kat iona l  Carbon C ~ c ; p a n $ ~ )  , >.owever, dezocszra ted  tk: tlie 

emiss iv i ty  of p y r o l y t i c  graphite is C G ; ~ S ~ X J . Z  with temperature 

over  t h e  range of 500° t o  l S O O G X  2nd I s  about -7 t o  . S  a t  

550 nm. The e x i s s i v i t y  of s;>ectrosco?ic g r a p h l t e  was shown 

to be cons tan t  wirh t e x p i - ~ c ~ r z  to LSOZX 2-L21C0X. 

I t  seems evidenx tha t  i n  tile rbsence of a c o c s i ~ e r a b i e  

body of new aeasurements %he spec-;rL> e::lissivi-iy of 51~ck5ody  

c a v i t y  materials a z  high t ex2era tLres  and S ~ G I - Z  wave1engxh.s will 

be q u i t e  unce r t a in .  Yet ;his f a c t  a lone  seed not  prec lude  t h e  

c o n s t r u c t i o n  of a u s e f u l  blackbody. Conservat ive design based 

upon t h e  r e c o s A i 5 i o n  t h a t  t h e  s p e c t r a l  e x i s s i v i t y  may be as 

low as 0 . 1  should i n  theory  permit  t h e  achievement of a c a v i t y  

e r i i s s i v i t y  of .99 o r  bet ter .  h rezsonable  approach n i g h t  be 

t o  des ign  very conse rva t ive ly  for  a c a v i t y  e m i s s i v i t y  of at 

least .995 and then to acce2 t  a minixurn u n c e r t a i n t y  of 20.5%. 

I 

I f  such a design proved imprac t i ca l ,  t r a d e - o f f s  would be 

r e q u i r e d  which could not  h e l p  but l e s s e n t h e  va lue  of t h i s  

equipment. 

The kfgb t e q e r n t u r e  bhckhndy w i l l  probably r e q u i r e  a 

window to close its a p e r t u r e .  A window w i i l  decrease  power 

requirements  and improve temperature s t a b i l i t y  by reducing 

convec t ive  c o o l i n g  of t h e  cav i ty .  I t  w i l l  a l s o  provide t h e  

iaeans f o r  p reven t ing  oxygen from e n t e r i n g  and combining with 

t h e  hot  w a l l  material. Th i s  should 

t h e  c a v i t y .  

There are two ways, however, 

duce error, The u n c e r t a i n t y  i n  t h e  

extend t h e  l i f e t i n e  of 

i n  which a window w i l l  intro- 

t r ansmiss ion  of t be w i ndow 
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a t  t h e  pyrometer wavelength w i l l  make'the c a v i t y  temperature  

u n c e r t a i n ,  and u n c e r t a i n t y  i n  t h e  t ransmiss ion  of the  window 

a t  a l l  wavelengths w i l l  p rov ide  an u n c e r t a i n  degree of a t t e n u a -  

t i o n  of t h e  blackbody r a d i a t i o n .  

When a window is used, the t r u e  temperature is given by  

(See Appendix A f o r  d e r i v a t i o n )  

where TT - t r u e  temperature  

TA apparent  temperature  or pyrometer r e a d i n g  

C2 - Second radiation constant 

A = E f f e c t i v e  wavelength of the  pyrometer 

and R = Window t ransmiss ion  a t  A .  - 

I f  t h i s  express ion  is d i f f e r e n t i a t e d  w i t h  respect t o  R, 

then  
n 

?he negztive sign indicates the ~egative slope of equa t ion  [l)! 
r n -  

and i s  of no concern here. 

may be made for  p r e s e n t  purposes and equat ion  (2) becomes 

The approximation [l + - 'A' l n R ~ - ~  
c2 

.. . 
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TA 

(in OK) 

3273 

3073 

L e t  t h i s  now be w r i t t e n  as 

5 

AT ( i n  OK) 
- 

AR = .01 AR = .005 AR = .001 

5.1 2.6 0.51 

4.5  2.2 0.45 

ATm AR - 

a 

c2R 
A 

(4) 

where ATT t h e  unce r t a in ty  of TT i n  degrees .Kelv in  

AR - t h e  u n c e r t a i n t y  of the window transmission and TA, 

A ,  C2, and R are as before .  

If t h e  fol lowing va lues  are assumed, 

A 

pyrometer) 

650 nm ( the  e f f e c t i v e  wavelength of the rad ia t ion  

C2 = 1.4380 cmoK 
I 

and R = .95, 
* 

then t h e  temperature error due to u n c e r t a i n t y  i n  t h e  t ransmiss ion  

of t h e  window may be ca l cu la t ed .  Table VI shows t h e  temperature 

Temperature error may be r e l a t e d  t o  error i n  s p e c t r a l  

r ad iance  by t h e  fol lowing expression (See Appendix B f o r  . 

d e r i v a t i o n )  : t 

._ . 
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2.7% 1.4% 0.3% 

where ANl is t h e  u n c e r t a i n t y  i n  s p e c t r a l  r a d i a n c e  

AT is t h e  u n c e r t a i n t y  i n  temperature  

X is t h e  wavelength of interest 

. T is t h e  t r u e  temperature 

and - C 2  is t h e  second r a d i a t i o n  c o n s t a n t .  

I f  the fo l lowing  va lues  are assumed, 

X = 250 nm 

C2 p 1.4380 w-OK 

1 

t hen  t h e  u n c e r t a i n t y  i n  s p e c t r a l  r a d i a n c e  in t roduced  by 

u n c e r t a i n t y  i n  t h e  blackbody c a v i t y  temperature  may be 

c a l c u l a t e d  

Table  V I I  shows t h e  u n c e r t a i n t i e s  i n  s p e c t r a l  radiance 

a t  h - 250 nm r e s u l t i n g  f o r  va r ious  u n c e r t a i n t i e s  i n  window 

t r ansmiss ion  a t  t h e  pyrometer 's  e f f e c t i v e w a v e l e n g t h .  

Table  VI1 

i T I 3 
1 

AN x 100 (at X = 250nm) 
X I  

AR = .Ol AR = .005 AR = .001 j ( i n  OK) 1 
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AN x 100 (at X = 250nm) 2 
*A 

2.7% 

2.4% 

Obviously, t h e  best p o s s i b l e  measurement is desirable. 

I t  should be wi th in  c u r r e n t  capabili t ies t o  make t h i s  measure- 

ment w i t h  a maximum u n c e r t a i n t y  of AR = .005. Thus t h e  maximum 

u n c e r t a i n t y  i n  the  s p e c t r a l  radiance a t  A = 250 nm due t o  

u n c e r t a i n t y  i n  t he  temperature w i l l  be about 1.4%. To t h i s  

must be added the u n c e r t a i n t y  i n  t h e  t ransmission of the  window 

a t  A = 250 nm which should no t  exceed 0.5%. 

Another source of error is the  pyrometer used t o  measure 

t h e  blackbody temperature.  To estimate the  p o s s i b l e  size of 

t h i s  error, w e  w i l l  again use  equat ion ( 5 ) .  L e t  it be assumed 

t h a t  a- p h o t o e l e c t r i c  pyrometer of such q u a l i t y  as t o  m e r i t  
I 

t h e  best p o s s i b l e  accuracy- s ta tement  on the  NBS Report of 

C a l i b r a t i o n  w i l l  be used. Then the  temperature u n c e r t a i n t i e s  

given i n  Table VI11 i n  t e r m s  of s tandard  d e r i v a t i o n  are be l ieved  

t o  reflect the  h i g h e s t  accurac ies  now a t t a i n a b l e  o u t s i d e  a 

primary s tandards  l abora to ry .  Table V I I S  s h o w s  the  s p e c t r a l  

r ad iance  u n c e r t a i n t i e s  a t  X = 250 nm from t h i s  source .  
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. A f u r t h e r  source of error i n  us ing  t h e  30OO0C blackbody 

would be temperature i n s t a b i l i t y .  Some possible sources  of 

temperature i n s t a b i l i t y  might be l i n e  vo l t age  v a r i a t i o n s  i n t o  

t h e  power supply,  changes i n  room ambient  cond i t ions ,  aging 

of t h e  c a v i t y ,  and so f o r t h .  Since the  e f f e c t s  of these f a c t o r s  

depend so heavi ly  on t h e  des ign  of t h e  e n t i r e  blackbody system 

and upon t h e  techniques employed f o r  u s i n g  the  blackbody, no 

good estimate of error can be made i n  advance. '  I t  should be 

recognized,  however, t h a t  a t  30OO0C and X = 250 nm each 2 

degree change i n  temperature is about a 1% change i n  s p e c t r a l  

r ad iance .  
1 

To summarize then ,  t h e  s p e c t r a l  rad iance  a t  X 250 nm of 

a 30OO0C blackbody w i l l  have a minimum u n c e r t a i n t y  of about  

&5%. 

t e c h n i c a l  competence of the  manufacturer of t h e  u n i t  and t h e  

The maximum u n c e r t a i n t y  w i l l  depend heav i ly  upon the 

care taken w i t h  t he  des ign .  It w i l l  also-depend upon t h e  s k i l l  

of t h e  u s e r s .  

For c m p r i s o n  the  tungsten r ibbon f i l amen t  s tandard  lamp 

is repor t ed  by NBS t o  have an unce r t a in ty  of also about 5% 

a t  =I 250 nm 

hTBS temperature scale be accepted as c o r r e c t .  I f  t h e  u n i t  is 

t o  be realized i n  t e r m s  of t h e  I n t e r n a t i o n a l  P r a c t i c a l  Tempera- 

. T h i s  f i g u r e ,  however, r e q u i r e s  t h a t  t h e  (15) 

t u r e  Scale, then t h e  maximum unce r t a in ty  i n  the  s p e c t r a l  rad iance  

of t h i s  lamp a t  h = 250 nm would become &8% (I6). Since the  

accuracy stated f o r  t h e  blackbody r e f e r r e d  t o  the  IPTS, t h e n  

t h e  8% f i g u r e  must be used for c o n s i s t e n c y i n  this a n a l y s i s .  
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Source of Uncer ta in ty  

I n  us ing  t h e  s t anda rd  lamp, a d d i t i o n a l  error may be 

in t roduced  by n o t  s e t t i n g  or main ta in ing  t h e  lamp c u r r e n t  

Uncer ta in ty  

a c c u r a t e l y  enough. 

i n  c u r r e n t  w i l l  cause about  a 1% error i n  s p e c t r a l  r a d i a n c e .  

I t  should be p o s s i b l e  t o  hold  t h e  c u r r e n t  t o  w i t h i n  f.05% of 

t h e  rated v a l u e .  Thus, a n  a d d i t i o n a l  u n c e r t a i n t y  of about  

&.5% w i l l  be added. 

At A - 25Oonm, an  error of about  0.1% 

The step-up of t h e  u n i t  from t h e  NBS 35 ampere s t a n d a r d  

lamp to  a s i m i l a r  lamp opera ted  a t ,  s a y ,  45 amperes should be 

r e l a t i v e l y  s t r a i g h t f o r w a r d .  

could be accomplished wi thout  adding more than  kl% u n c e r t a i n t y .  

It seems l i k e l y  t h a t  t h i s  s tep-up 

Table  I X  shows a breakdown of t he  errors a s s o c i a t e d  w i t h  

a 30OO0C blackbody and w i t h  a 45 angere tungs ten  lamp. 

shows t h e  sum of t he  e r r o r s  for  each ,  and the  r m s  error f o r  

each. These f i g u r e s  should correspond roughly t o  t h e  maximum 

and minimum u n c e r t a i n t i e s  r e s p e c t i v e l y .  

I t  a lso 

Source of Uncer ta in ty  

Table  I X  

Unce r t a in ty  

Emiss iv i ty  

Window Transmission 

a t  Pyrometer wave- 
l e n g t h  

Window Transmission 

a t  h = 250 nrn 

Pyrometer 

Sum of U n c e r t a i n t i e s  
-~ ~~ 

Rms Uncer t a in ty  

0.5% 

1.4% 

0.5% 

2.7% 

5 .l% 

' 3.1% 

O p t i c a l  Pyrometer( l6)  

Meter Readout (16) 

(16) E l e c t r o n i c s  
(16) Miscellaneous 

Curren t  

S c a l i n g  

Sum of U n c e r t a i n t i e s  

Rms Uncer ta in ty  

9.5% 
- 

4.8% 
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The ques t ion  may be raised i f  there is any l i k e l i h o o d  

. .  
t h a t  t h e  accuracy of t h e  NBS s tandard  lamp w i l l  be improved i n  

t h e  near f u t u r e .  

a new determinat ion of t h e  u n i t  of spectral radiance u n t i l  basic 

improvement is made i n  t h e  r e a l i z z t i o n  of t he  temperature scale (15) 

s i n c e  u n c e r t a i n t y  i n  t h e  temperature scale is now the  l a r g e s t  

s i n g l e  source of e r r o r  in t h e  u n i t  of s p e c t r a l  radiance. 

coxcLusIoN 

- 
According t o  NBS t h e r e  w i l l  p robably .not  be 

The 30OO0C blackbody can provide a spectral r ad iance  i n  

the u Z t r a v i o l e t  r eg ion  between t w o  and three orders of magnitude 

greater than t h a t  provided by the NBS standard of s p e c t r a l  

r ad iance .  

I f  the  blackbody is very  c a r e f u l l y  and conserva t ive ly  

designed and if t h e  best a v a i l a b l e  pyrometer is used, i t  should 

be p o s s i b l e  t o  realize t h e  unit of s p e c t r a l  rad iance  w i t h  an  

u n c e r t a i n t y  of only about one h a l f  of t h a t  associated w i t h  t h e  

tungs t e n  s tandard  lamp . 
The 30OO0C blackbody does not e l imina te  t h e  need for  

s c a l i n g  ir. t h e  measurement of t h e  s p e c t r a l  rad iance  of a h igh  

i n t e n s i t y  arc. I n  t h e  measurement of t h e  spectral  rad iance  of 

even r e l a t i v e l y  low-powered arc lamps t h e  need ?"or s c a l i n g  is  

reduced by less than  one  half,.  A m i n i m u m  of about three orders 

of magnitude w i l l  still  sepa ra t e  blackbody and arc laap.: 



* . -  

I '  . b 

The 30OO0C blackbody has one unique advantage. I t  would 
provide the capabi l i ty  to extend measurements to wavelengths 

less than 250 nm. 

1 .  

. 
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APPESDIX A 

Derivat ion of formula f o r  t h e  t r u e  temperature of a 

blackbody having a window over its a p e r t u r e .  

From P lanck ' s  Law w e  can write 

'T 

where TT is t h e  t r u e  temperature of t h e  blackbody and HA is 
T- 

t h e  s p e c t r a l  rad iance  of a blackbody a t  a temperature TT.' If 

the  blackbody window has a t ransmission R h ,  w e  can write 

TA 
Nx 

. .  
'"A 

S u b s t i t u t i n g  equat ions  (1) and (3) i n  equat ion  (2) w e  

have 

For our purposes,  e L2/hT,,1 

Therefore  

and A 
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Solving for TT, w e  have 

n 
TT 

TA 
T, .A 
n 1 i- -2 In Rh 
C 

. .  
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,WPEDIX B 

Derivation of Equation (5) r e l a t i n g  temperature error to 

error i n  spec tra l  radiance,. 

L e t  us  p a r t i a l l y  d i f f e r e n t i a t e  Plank’s rad ia t ion  l a w  

with respect  to temperature. 

L e t  us  w r i t e  t h i s ‘ a s  

where AX> is the uncertainty i n  N],, and AT is the uncertainty ‘ 

in. temperature. - 
Cividing equation (2 :  by equazion (I), 

A ~ x  C2AT e 2/AT 
r: 1 

C 

- - 
AT2 e “2/X Rml 

h’A 

For m o s t  c a s e s ,  e 

so 

or 
2 10 C, AT 1 

2 % uncertainty i n  Nl 
ATL 

. 

(3) 

(4) 
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